Abstract Periodontitis affects a subset of the population and our current thinking is that progression of periodontal disease may be either continuous or episodic. These features make diagnostic tools for disease status and progression assessment desirable in the management of this disease. Although many potential markers exist, several difficulties hamper our ability to declare them diagnostic tests with proven utility. The Bgold standard^for active periodontal disease is not available, and the best indicators currently available include clinical measurements with low sensitivity and specificity that are also time consuming in their assessment and recording. Although much is written about the need for markers of current or future disease which will prevent us from overtreating pockets, the time, effort, and cost involved in testing these sites have to be balanced against the relative ease and speed of routine nonsurgical periodontal therapy. In addition, we are still some way from the development and validation of reliable host factor/ microbial factor testing methods. There are, however, multiple local and systemic periodontal diagnostic biomarkers proposed within the literature, although none is presently widely available commercially. One could envisage chairside tests using saliva or blood from finger sticks being capable to determine an individual's risk of developing disease or a patient's risk of disease progression and thus the need for a timely prevention program. In addition, blood drawn for routine diagnostic check-ups could also be used for the diagnosis and monitoring of periodontitis, if systemic biomarkers are identified. Before applying any test, we should reconsider what treatment planning effects a positive or negative result will have, since any test that does not influence the treatment plan is redundant. Systemic periodontal diagnostic tests are still at an early stage of development and much work remains to be performed to fully validate their utility such that they become an important and cost-effective aspect of clinical di
Introduction
The periodontal diseases are a family of chronic immune and inflammatory conditions of the periodontium that can be broadly divided into gingivitis, a superficial inflammation confined to the gingiva, and periodontitis, which is characterized by attachment loss and alveolar bone loss. Periodontitis, the destructive form of periodontal disease, affects almost 50 % of American adults age 30 and older, and its prevalence increases with age [11] . Periodontal diseases, with the exception of a small group of non-plaque-induced gingival lesions [5] , are initiated by microbial dental plaque and modified by local, systemic, and environmental factors [25] . It is estimated that over 700 different species are able to colonize the oral This article is part of the Topical Collection on Epidemiology cavity [2] , and at least 400 species can be found in subgingival plaque [37] . The level of the innate and immune response initiated by this variable dental plaque biofilm also varies and is highly depended upon the host susceptibility [24] . The clinical presentation of the resulting periodontal disease, disease severity, and disease progress is a summation of these complex host-bacterial interactions.
Currently, periodontitis is diagnosed almost entirely on the basis of an array of clinical measurements including clinical attachment level (CAL), bleeding on probing (BOP), probing depth (PD), and radiographic findings [1] . Additional information obtained by medical and family history, and specific characteristics of clinical presentation, such as quantity of local factors and location of lesions, are helpful in the differential diagnosis of specific types of periodontitis [5] . Accurate diagnosis at the patient and site level requires full mouth clinical measurements by means of a periodontal probe and recording multiple parameters at six sites per tooth, resulting in a laborious diagnostic process that is also dependent on the individual clinician performing the examination. Furthermore, this process needs to be repeated at regular intervals in order to determine the patient's disease status at recall visits. These clinical parameters are the best currently available indicators for determining disease status; however, they only provide information about past periodontal tissue destruction and do not elucidate current disease activity nor predict future activity due to low sensitivity and positive predictive value [19] . Therefore, one of the major challenges in the field of periodontics is to identify a quick, efficient, and objective diagnostic and monitoring method, with the ability to screen for susceptibility to periodontal disease, diagnose periodontal disease, evaluate response to treatment, predict future tissue destruction, and identify disease progression. The ideal diagnostic and monitoring method should be able to identify and monitor disease both at the patient and the site level.
Several molecules have been studied as potential biomarkers for periodontal disease including enzymes, cytokines, receptors, and other proteins. These biomarkers can be found in several biologic fluids, namely the gingival crevicular fluid (GCF) contains local biomarkers and can potentially provide information at the site level; the blood, serum, or plasma contain systemic biomarkers and can potentially provide information at the patient level; and saliva contains both local and systemically derived markers and provides information at the patient level as well. Although the GCF has the advantage that it provides information at the site level, GCF collection is rather complicated and more time-consuming than full mouth probing and thus not convenient during routine procedures in the dental office. On the other hand, saliva is a biological material that is abundant and the sampling procedure is easy, fast, non-invasive, and more convenient for the patient and clinician. Saliva cannot provide site-specific information; however, it is an easily accessible fluid, which contains local and systemically derived markers of periodontal disease [22] . Similarly, blood cannot provide site-specific information; its sampling is generally more invasive than that of saliva; however, it is easy, fast, and can be performed outside of the dental office and as part of a routine general diagnostic check-up; sampling may also be minimally invasive if performed via a finger stick. Because of the simple, fast, and relatively noninvasive method of collection, salivary and blood diagnostic tests have the potential to be used for diagnosis and monitoring of periodontal disease at the patient level.
The ideal diagnostic test should have high sensitivity, specificity, and predictive value. Sensitivity relates to the test's intrinsic ability to correctly detect patients who have a disease. Specificity relates to the test's intrinsic ability to correctly detect patients without a disease. The positive and negative predictive values are the proportions of positive and negative results in diagnostic tests that are true positive and true negative results. They describe the performance of a diagnostic test and are not intrinsic to the test but also depend on the prevalence of the disease. The positive predictive values can be derived using Bayes' theorem. Given that periodontitis is a disease with high prevalence of 50 % in US adults older than 30 years, if a diagnostic test has high sensitivity and specificity of 99 %, then the positive predictive value, or the probability that a US patient older than 30 years who tests positive truly has periodontitis, is 99 %; the negative predictive value, or the probability that a patient older than 30 years who tests negative is truly periodontally healthy, is also 99 %. The same diagnostic test, with the same sensitivity and specificity, would have a higher positive predictive value and lower negative predictive value, in a population with higher prevalence of periodontitis, and a lower positive predictive value and higher negative predictive value, in a population with lower prevalence of periodontitis.
The aim of the present paper is to provide a comprehensive review of systemic biomarkers derived form blood or saliva that have the potential to be utilized as a diagnostic and monitoring test for periodontitis at the patient level.
Biomarkers for Diagnosis of Diseased Individuals Diagnosis-Blood Biomarkers
Periodontitis is initiated by periodontal pathogens that elicit both an innate and humoral immune response; antibodies to some of these pathogens have been detected both locally at the gingival tissue as well as systemically in the blood stream. In order to determine if the levels of systemic antibodies to Porphyromonas gingivalis, the most researched periodontal pathogen, correlate with periodontal status, Trindade et al. evaluated patients with different types of periodontitis compared to healthy controls [44] . Serum IgG to fraction IV was statistically significantly higher in chronic periodontitis patients compared to healthy controls, while serum IgG, IgG2, IgG3, and IgG4 to fraction IV was statistically significantly higher in aggressive periodontitis patients compared to healthy controls. This data suggest that serum IgG levels to P. gingivalis may be a useful systemic biomarker for diagnosis of both chronic and aggressive periodontitis.
Collectins are a family of pattern recognition receptors that are present in plasma and on mucosal surfaces that recognize several pathogen-associated molecular patterns (PAMPs), and are important in the innate immune response. Surfactant protein D (SP-D) is a collectin that recognizes surface glycoconjugates and lipopolysaccharide (LPS) of Gramnegative bacteria, and is widely expressed in epithelial cells of the digestive tract and in serum. In order to determine the correlation between periodontal disease and plasma SP-D, Glas et al. evaluated 105 chronic periodontitis patients and 122 healthy controls in a case-control study [16] , and showed statistically significantly increased plasma SP-D concentrations in patients compared with controls that was independent of the patient's genotype. This data suggest that plasma SP-D may be a useful systemic biomarker for diagnosis of periodontal disease.
Several inflammatory biomarkers found in blood or saliva have been studied for their potential to be utilized in the diagnosis of periodontitis. In a case-control study, Nibali et al. evaluated 302 patients with severe periodontitis and 183 healthy controls to determine the correlation between periodontitis and inflammatory and metabolic biomarkers [34] . Leukocyte differential counts, high-density lipoprotein cholesterol (HDL), low-density lipoprotein cholesterol (LDL), and glucose were evaluated, and it was determined that there was an association between periodontitis and systemic inflammation and a dysmetabolic state. This data suggest that these commonly surveyed inflammatory and metabolic biomarkers may be promising systemic biomarkers for diagnosis of periodontitis in Caucasian patients who are systemically healthy and non-smokers.
C-reactive protein (CRP) is a circulating acute-phase protein acting in innate immune response. Significantly higher serum high-sensitivity CRP (hs-CRP) concentrations have been reported in periodontitis patients compared to healthy controls in various case-control studies [8, 10, 12, 17, 27, 28] . In addition, Nakajima et al. reported that both hsCRP and IL-6 were significantly higher in periodontitis patients compared to healthy controls [33] . These data suggest that serum hsCRP and IL-6 may be useful systemic biomarkers for diagnosis of periodontal disease.
In a cross-sectional study, Ishisaka et al. evaluated 467 elderly Japanese to determine the correlation between periodontal disease extent and cortisol [20] . Multiple regression analysis showed that a higher level of cortisol was significantly associated with greater numbers of sites with severe loss of CAL only in non-smokers. This data suggest that serum cortisol may be a useful systemic biomarker for diagnosis of periodontal disease in non-smokers.
Osteocalcin (OC) is a non-collagenous Ca-binding protein of mineralized tissue, and the level of OC in serum is often used as a biomarker for bone turnover. In a cross-sectional study of 148 elderly Japanese, Yoshihara et al. showed that serum OC level was negatively associated with the percentage of sites with CAL loss of 6 mm or more, suggesting that serum OC may be a useful systemic biomarker for diagnosis of periodontal disease in this population [47] . Ozcaka et al. however, failed to find significant association between OC and periodontal status in a Turkish population [36] . Additional studies are needed in order to determine if serum OC can be a useful biomarker for other populations.
Diagnosis-Salivary Biomarkers
In a case-control study, Frodge et al. evaluated 35 patients with moderate to severe periodontitis and 39 healthy controls to determine the correlation between periodontitis and bone remodeling biomarkers in saliva [13] . Tumor necrosis factoralpha (TNF-alpha), C-telopeptide pyridinoline cross-links of type I collagen (ICTP), and receptor activator of nuclear factor-kappa B ligand (RANKL) were evaluated, and it was determined that salivary levels of TNF-alpha only were significantly higher in individuals with periodontal disease. Furthermore, patients with salivary TNF-alpha levels above a threshold of 5.75 pg/ml (i.e., two standard deviations above the mean of the controls) had significantly more sites with BOP, PD of 4 mm or more, and CAL loss 2 mm or more. This data suggest salivary TNF-alpha may be a useful systemic biomarker for diagnosis of periodontitis.
Matrix metalloproteinases (MMPs) are a superfamily of proteases with a role not only in physiological development and tissue remodeling but also in pathological tissue destruction [42] . MMPs are divided into five major groups: collagenases (MMP-1, MMP-8, MMP-13), gelatinases (MMP-2, MMP-9), stromelysins (MMP-3, MMP-10, MMP-11), membrane-type MMPs (MMP-14, MMP-15, MMP-16, MMP-17), and others. MMPs are produced by host cells including fibroblasts, macrophages, neutrophils, and epithelial cells. They collectively can degrade almost all components of extracellular matrix and basement membrane, and their excess activity can lead to periodontal tissue destruction; MMP activity is controlled by tissue inhibitors of MMPS (TIMPs). In a case-control study, Gursoy et al. evaluated salivary MMP-8, MMP-14, and TIMP-1 as potential biomarkers for periodontitis [18] ; salivary MMP-8 and TIMP-1 concentrations were significantly higher in periodontitis patients compared to controls in non-smokers only; the MMP-8/TIMP-1 ratio, however, differentiated periodontitis and control groups even in smoker subjects. This data suggest that salivary MMP-8 and TIMP-1 are useful systemic biomarkers for diagnosis of periodontitis in non-smokers but not in smokers, while MMP-8/ TIMP-1 ratio may be promising as a biomarker for smokers as well.
In another case-control study, Miller et al. evaluated 28 patients with moderate to severe periodontitis and 29 healthy controls to determine if salivary IL-1beta and MMP-8 could be used as potential biomarkers for periodontal disease, individually or combined [32] . Each biomarker was significantly higher in patients compared to healthy controls, while combined elevated salivary levels of IL-1beta and MMP-8 increased the risk of experiencing periodontal disease 45-fold. This data suggest that salivary IL-1beta and MMP-8 may be useful systemic biomarkers for diagnosis of periodontitis, and when evaluated in combination, they may increase the sensitivity of the diagnostic test.
The combined use of host-and bacteria-derived molecules as potential biomarkers was evaluated in a case-control study of 100 subjects by Ramseier et al. Patients with periodontitis exhibited significantly higher levels of salivary MMP-8 and MMP-9 [40] . Furthermore, the combination of salivary MMP-8, MMP-9, and osteoprotegerin with red-complex anaerobic periodontal pathogens provided highly accurate predictions of periodontal disease category. This data further strengthen the position that a panel of biomarker signatures may be promising as a more accurate diagnostic test. The use of salivary MMP-8 as a potential biomarker for the diagnosis of periodontal disease has been validated in other studies [39] , while additional systemic biomarkers found in blood or saliva have been identified as promising for the diagnosis of periodontal disease; these include oncostatin M, other MMPs, and salivary arginase activity; and these biomarkers may also be useful for monitoring disease progress and are reviewed in the following section.
Biomarkers for Monitoring of Disease Progress
Several inflammatory biomarkers found in blood or saliva have been studied for their potential to be utilized for monitoring the response to periodontal treatment; serum hsCRP, IL-6, oncostatin M, MMP-8 and MMP-9, and salivary sCD44, arginase, AST, ALT, LDH, sRANKL, and OPG have been identified as those with the greatest potential.
Response to Treatment-Blood Biomarkers
In an intervention study evaluating the effect of comprehensive periodontal therapy on 19 systemic inflammatory biomarkers using multiplex assays of plasma samples, Behle et al. found high variability between subjects and poor correlation between inflammatory markers in general and clinical, microbiological, and serological markers of periodontitis [6] . Other studies found that scaling and root planing resulted in a significant decrease in serum hsCRP and IL-6 up to 3 months posttreatment in otherwise healthy patients with periodontitis, while other inflammatory biomarkers were not affected [30, 33] ; decrease in hsCRP and IL-6 in these studies also correlated with improvement in clinical parameters. Furthermore, pharmacologic anti-inflammatory therapy alone in patients with periodontitis was shown to result in significant decrease in serum hsCRP, IL-6, and IFN, while other inflammatory biomarkers remained unaffected [41] . In this study, however, there was no improvement in clinical parameters until mechanical therapy was initiated. On the other hand, Offenbacher et al. reported that in a multi-center study, there was no significant difference in serum hsCRP at 6 months between patients receiving scaling and root planing and patients receiving community care [35] . The authors noted, however, that there was great variability with regard to treatment provided in community care and that obesity was a confounding factor that nullified the periodontal treatment effects on hsCRP reduction. Based on the existing data, serum hsCRP and IL-6 are promising systemic biomarkers for monitoring the response to periodontal treatment in patients who are systemically healthy, non-smokers, and non-obese and do not take anti-inflammatory medications.
In a pilot intervention study, Duarte et al. evaluated the serum concentration of several cytokines in patients with generalized chronic periodontitis, generalized aggressive periodontitis and healthy controls, and the effect of periodontal therapy on these cytokines 6 months after treatment [9•]. They found that TNF-alpha and IL-17 concentrations were statistically significantly higher in aggressive periodontitis patients compared to healthy controls or chronic periodontitis, while there was no difference in other cytokines. In addition, nonsurgical periodontal therapy significantly decreased plasma TNF-alpha and IL-17 compared to baseline; both results were statistically significant; however, TNF-alpha levels remained elevated compared to healthy controls. These results suggest that serum TNF-alpha and IL-17 may be useful biomarkers for the differential diagnosis between aggressive and chronic periodontitis, while IL-17 may be useful for monitoring response to periodontal treatment in aggressive periodontitis.
Oncostatin M, a member of the IL-6 family of cytokines, is synthesized and secreted by T cells and monocytes in response to bacterial products; it has been shown to have a key role in regulating periodontal bone resorption, by acting on both osteoblast and osteoclast receptor activator of nuclear factor-κ B ligand (RANKL) regulation [29] . Serum oncostatin M was significantly higher in patients with chronic periodontitis compared to healthy and gingivitis controls [38] . Furthermore, oncostatin M significantly decreased 2 months after nonsurgical periodontal therapy, and this decrease correlated with improvement in clinical parameters. These data suggest that serum oncostatin M may be a useful biomarker for the diagnosis as well as monitoring the response to periodontal treatment.
In a cross-sectional and intervention study, Marcaccini et al. evaluated the plasma concentration of several MMPs and TIMPs in patients with chronic periodontitis and healthy controls, and the effect of periodontal therapy on these enzymes 3 months after treatment [31•] . They found that MMP-3, MMP-8, and MMP-9 concentrations were statistically significantly higher in periodontitis patients compared with healthy controls, while there was no difference in MMP-2, TIMP-1, and TIMP-2 levels. In addition, non-surgical periodontal therapy significantly decreased plasma MMP-8 and MMP-9 concentrations by 35 and 39 % compared to baseline; both results were statistically significant. These results suggest that plasma MMP-3, MMP-8, and MMP-9 may be useful biomarkers for the diagnosis of diseased individuals, while MMP-8 and MMP-9 may be useful for monitoring response to periodontal treatment.
Response to Treatment-Saliva Biomarkers
The receptor activator of NF-κB (RANK) is found on the surface of osteoclasts; along with its agonist, receptor activator of NF-κB ligand (RANKL), and its antagonist, osteoprotegerin (OPG), they are the three key molecules important for coordinating osteoclastogenesis and alveolar bone resorption [43] . RANKL and OPG have been studied mainly in GCF samples and their concentrations have shown great variation from study to study. In a cross-sectional study comparing untreated patients with periodontitis to patients on periodontal maintenance, Buduneli et al. found that salivary RANKL levels were statistically significantly lower in maintenance non-smokers compared to untreated non-smokers [7] . When comparing maintenance smokers to untreated smokers, however, this difference was not significant, indicating that the effect of smoking on RANKL and OPG was such that these biomarkers could not be utilized to determine disease status in smokers. This data suggest that salivary RANKL may be a promising systemic biomarker for monitoring response to periodontal treatment in non-smokers but not in smokers.
CD44 is a cell-surface adhesion molecule that has been known to mediate cell-cell and cell-matrix interactions, and support of cell migration, including neutrophil adhesion and transendothelial migration [23, 48] . In a pilot intervention study evaluating the effect of scaling and root planing on salivary sCD44 levels, Ghallab and Shaker found that treatment resulted in significant decrease in sCD44 in patients with chronic periodontitis at 1 month after treatment [14] . Furthermore, this decrease was observed in both smokers and nonsmokers, suggesting that salivary sCD44 may be a promising systemic biomarker for monitoring response to periodontal treatment in both smokers and non-smokers.
Arginase is the final enzyme in the urea cycle that converts L-arginine to urea and L-ornithine, and although it is mainly found in the human liver, it is also present in some extrahepatic tissues, including salivary glands. Nitric oxide is a free radical with antimicrobial activity that has been shown to be produced in response to periodontal pathogens [3] . Nitric oxide is produced by L-arginine under the action of an isoenzyme called NOS. Considering that L-arginine is a common substrate for both arginase and NOS, it is believed that an increase in salivary arginase activity would lead to a decrease in the production of nitric oxide, potentially reducing its antimicrobial effect in the oral cavity and increasing susceptibility to periodontal disease. In a cross-sectional and intervention study, Gheren et al. evaluated the salivary arginase activity in patients with chronic periodontitis and healthy controls, and the effect of periodontal therapy on the activity of such enzyme 1 month after treatment [15] . They found that salivary arginase activity was approximately 2.5 times higher in chronic periodontitis subjects when compared to periodontally healthy controls and that periodontal therapy significantly reduced salivary arginase activity levels by 1.56 times compared to baseline; both results were statistically significant. Although salivary arginase activity overall correlated with clinical parameters and could distinguish between periodontitis patients and controls, there was no significant correlation between salivary arginase activity level and disease severity among patients with periodontitis. These results suggest that salivary arginase activity may be a useful biomarker for the diagnosis of diseased individuals, but not disease severity, as well as for monitoring response to periodontal treatment.
Aspartate aminotransferase (AST), alanine aminotransferase (ALT), and lactate dehydrogenase (LDH) are intracellular enzymes released from the damaged cells of periodontal tissues into the GCF and saliva. In an intervention study evaluating the effect of scaling and root planing on salivary AST, ALT, and LDH levels 1 month after treatment, Yoshie et al. found that treatment resulted in significant decrease in LDH in all patients with chronic periodontitis; AST and ALT were also significantly decreased in patients who were not carriers of the IL-1A allele, whereas no significant change was observed in the AST and ALT levels in IL-1A allele carriers [46] . All results for all enzymes were consistent between smokers and non-smokers. This data suggest that salivary LDH may be a promising systemic biomarker for monitoring response to periodontal treatment, and it is independent of smoking status and IL-1A allele status. In addition, salivary AST and ALT may be promising systemic biomarkers for monitoring response to periodontal treatment for patients who are IL-1A allele carriers, independent of their smoking status.
Future Disease Prediction and Disease Progression Assessment-Blood Biomarkers
Currently, the most reliable prognostic indicators for future attachment loss are bleeding on probing, especially when persistent [19, 26] , and number of sites with probing depth of 5 mm or more [45] ; none of these indicators demonstrate high sensitivity and specificity; however, they are the best indicators currently available. Thus, the biomarker with the highest potential for use in clinical practice is one that could accurately predict future disease progress or even identify currently active sites.
In a longitudinal study, Amarasena et al. followed 266 elderly Japanese yearly over 6 years in order to determine the correlation between periodontal disease progress and several systemic biomarkers, specifically serum calcium (Ca), albumin, random blood sugar, and immunoglobulin (IgG, IgA, and IgM) measured at baseline [4] . Progress of periodontal disease in this study was defined as the number of teeth that showed additional CAL loss of 3 mm or more. A multinomial logistic regression analysis determined that, of all biomarkers studied, serum Ca at baseline was the only variable that was significantly associated with periodontal disease progression over 6 years, with relative risks of 100-1000 depending on the degree of progression. This data suggest that serum Ca may be a useful systemic biomarker for predicting future progress of periodontal disease in the elderly. Additional studies are needed in order to determine if this biomarker can also be useful for other populations.
In a similar longitudinal study, Iwasaki et al. followed 304 elderly Japanese yearly over 4 years in order to determine the correlation between periodontal disease progress and several systemic biomarkers [21•] . A multiple regression analysis determined that, of all biomarkers studied, serum albumin at baseline, as well as over the years, was the only variable that was significantly associated with periodontal disease progress in non-smokers only, while this correlation was not observed in smokers. This data suggest that serum albumin may be a useful systemic biomarker for predicting future progress, as well as identifying progress, of periodontal disease in elderly non-smokers. Additional studies are needed in order to determine if this biomarker can also be useful for other populations.
Conclusions
The diagnosis of periodontitis is currently based almost entirely on an array of clinical measurements. The most reliable prognostic indicators available for future disease progression are also based on clinical measurements. These clinical measurements not only demonstrate low sensitivity and specificity as diagnostic tests, but are also subjective and laborious and require a lot of chair time. Reliable systemic biomarkers for periodontal disease could be very useful, if available as a diagnostic test; one could envisage chair-side tests using saliva or blood from finger sticks, or blood drawn for routine diagnostic check-ups, be used for the diagnosis and monitoring of periodontitis. Multiple local and systemic periodontal diagnostic biomarkers have been proposed within the literature; however, only one is presently commercially available in some European countries. Other tests are still at an early stage of development and much work remains to be performed to fully validate their utility such that they become an important and cost effective aspect of clinical diagnosis, treatment planning, or patient monitoring. The systemic biomarkers with the highest potential to be used as diagnostic and/or monitoring tests, along with their source, and specific populations they are applicable to, are summarized here and in Table 1 .
Biomarkers with potential to be used for diagnosis of periodontal disease: & Salivary sCD44 may be a promising systemic biomarker for monitoring response to periodontal treatment in both smokers and non-smokers. & Salivary arginase activity may be a useful biomarker for monitoring response to periodontal treatment. & Salivary LDH may be a promising systemic biomarker for monitoring response to periodontal treatment, in both smokers and non-smokers. & Salivary AST and ALT may be promising systemic biomarkers for monitoring response to periodontal treatment for patients who are IL-1A allele carriers, in both smokers and non-smokers. Biomarkers with potential to be used for future disease prediction and disease progression assessment:
& Serum Ca may be a useful systemic biomarker for predicting future progress of periodontal disease in elderly Japanese. & Serum albumin may be a useful systemic biomarker for predicting future progress, as well as identifying progress, of periodontal disease in elderly Japanese non-smokers.
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